, the other putative components of the translocation apparatus appear in a 1:1 molar ratio with bound ribosomes and, therefore, are probably part of the macromolecular assembly that effects translocation itself and is largely restricted to the rough domains of the endoplasmic reticulum (5-7, 16). Elucidation of the function of specific components of the translocation apparatus is likely to require their separation and reassembly into membrane vesicles, the composition of which can be experimentally controlled. As a step towards this goal, we developed a procedure for reconstituting membrane vesicles from octyl B-glucoside-solubilized dog pancreas rough microsomes (RM); these reconstituted vesicles display the capacity of native membranes to translocate and process nascent polypeptides in a cotranslational manner.
natant lacking ribosomes and particles >50S from centrifuging the detergent-solubilized microsomes at high speed was used for reconstitution, smooth-surfaced membrane vesicles were obtained that, except for the absence of ribosomal proteins, were similar in protein composition to that of the reconstituted vesicles from total solubiized rough microsomes. The reconstituted smooth-surfaced vesicles, however, were totally inactive in cotranslational processing and translocation of nascent polypeptides. These findings suggest that ribosomes and/or large macromolecular complexes, not dissociated under our solubilization conditions, are essential for in vitro assembly of a functional translocation apparatus.
Translocation of a polypeptide chain across the hydrophobic phospholipid bilayer of the rough endoplasmic reticulum membrane occurs during polypeptide elongation and is accomplished by a multicomponent molecular apparatus (for reviews see refs. [1] [2] [3] . In recent years, several specific rough endoplasmic reticulum membrane proteins have been implicated in the process of targeting nascent polypeptides to the endoplasmic reticulum and in effecting their subsequent insertion into and translocation across the membrane. These proteins include two polypeptides that constitute the signalrecognition particle (SRP) receptor (4, 5) , two glycoproteins, ribophorins I and II (RI and RII), that are closely associated with membrane-bound ribosomes (6, 7), a 34-kDa glycoprotein that may serve as a signal sequence receptor (8, 9 ) and a complex of six polypeptides that manifests signal peptidase activity (10) . In addition, other proteins involved in modifying nascent chains by glycosylation (11) , hydroxylation of proline residues (12) , or disulfide rearrangement (13, 14) must also be closely associated with the translocation apparatus Except for the SRP receptor, which participates in the targeting process and is only transiently associated with the site of translocation (15) , the other putative components of the translocation apparatus appear in a 1:1 molar ratio with bound ribosomes and, therefore, are probably part of the macromolecular assembly that effects translocation itself and is largely restricted to the rough domains of the endoplasmic reticulum (5) (6) (7) 16) .
Elucidation of the function of specific components of the translocation apparatus is likely to require their separation and reassembly into membrane vesicles, the composition of which can be experimentally controlled. As a step towards this goal, we developed a procedure for reconstituting membrane vesicles from octyl B-glucoside-solubilized dog pancreas rough microsomes (RM); these reconstituted vesicles display the capacity of native membranes to translocate and process nascent polypeptides in a cotranslational manner.
MATERIALS AND METHODS Solutions. Membrane suspension buffer was 50 mM
Tris'HCl (pH 7.4)/250 mM sucrose/i. mM dithiothreitol; octyl f-glucoside stock solution was 10% (wt/vol) octyl 3-glucoside/0.5 M NaCl.
Reconstitution of Membrane Vesicles from Octyl ,B-
Glucoside-Solubilized Dog Pancreas RM. Dog pancreas RM (17) resuspended in-membrane suspension buffer (10 mg of protein per ml; 0°C) were solubilized by adding 1/9 vol of the octyl ,B-glucoside stock solution. The sample was incubated in ice for 30 min and centrifuged either at low speed in an Eppendorf centrifuge (15, 
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mRNAs coding for influenza hemagglutinin (HA) (19) , RI (20) , or with mRNA extracted from human placenta (18) . Dog pancreas microsomes and SRP were prepared according to Walter and Blobel (17, 21) . When cotranslational translocation was assayed, membranes (5-10 gg of protein when the reticulocyte lysate was used and 0.5-5 Ag of protein supplemented with 20 nM purified SRP when the wheat germ extract was used) were added to the translation mixtures (final vol, 25 ,ul) before starting translation.
Translation of placental or HA mRNA was carried out for 1 hr at 300C in the reticulocyte system, and translation of RI mRNA was carried out for 1.5 hr at 25-26°C in the wheat germ system. For posttranslational assays, after translation was done in the absence of membranes, the sample was incubated with 3 mM 7-methylguanosine 5'-phosphate for 0.5 hr at the translation temperature. Membranes were then added, and the incubation was continued at the same temperature and for the same length of time as in the cotranslational assay.
RESULTS
Solubiization of Dog Pancreas RM by Octyl .3-Glucoside.
Addition of 1% octyl p-glucoside to a suspension of dog pancreas RM (10 mg of protein per ml) in low-salt buffer efficiently solubilized the membranes. Solubilization was apparent from the immediate decrease in turbidity and the fact that centrifugation for 15 min in an Eppendorf centrifuge (15,600 x g), a procedure that leads to quantitative recovery of native RM, removed <1% of total microsomal protein (P1 in Table 1 ). A sediment (P2) obtained from the resulting supernatant (Si) by high-speed centrifugation mainly contained ribosomal particles ( Fig. 1D ), although Western (immunologic) blotting analysis (data not shown) indicated that substantial amounts of RI, RII, and the a subunit of the SRP receptor also sedimented with the ribosomes. The state of aggregation of the proteins in the detergentsolubilized membranes was assessed by sucrose gradient centrifugation analysis of solubilized microsomes from which luminal-content proteins and ribosomes had been removed before solubilization. SDS gel electrophoretic and Western blotting analysis of the sucrose density gradient fractions ( Fig. 2) showed that many membrane proteins, including the a subunit of the SRP receptor, RI, and RII were distributed throughout the gradient. This result suggests that, in the native membrane, components of the translocation apparatus may be part of large macromolecular complexes that are only partially disassembled by the detergent. Indeed, immunoprecipitates obtained with anti-RI antibody from fractions from the lower half of the gradient contained, in addition to RI, both RII and the a subunit of the SRP receptor (data not shown).
Reformation of Membrane Vesicles from Solubilized Dog Pancreas Microsomes by Detergent Dilution. A slow 30-fold dilution of the total octyl 8-glucoside-soluble fraction led to the reformation of membrane vesicles (Rj) that had ribosomes attached only on the outer surface of their membranes (Fig.  1B) . These vesicles contained 19% of the total amount of the microsomal protein ( Table 1) . As expected, smooth vesicles (R.) devoid of ribosomes (Fig. 1C) (Fig. 1) .
The membranes of R1 and Rs (Fig. 3A) , have similar protein compositions and differ from native RM in their lack of content proteins, which normally represent -25% of RM protein (25) . In fact, the Coomassie blue staining pattern of Rt vesicles was very similar to that of RM pretreated with 0.05% deoxycholate to release content proteins (data not shown). Western blotting analysis showed that both types of reconstituted vesicles contain the a subunit of the SRP receptor, RI, and RII ( Fig. 3 B and C partially accounted for by the higher content of membrane proteins, such as RI, RII, and SRP receptor in Rt. The lack of activity of Rs is surprising, given the fact that these vesicles are nearly identical in protein composition to R, (Fig. 3) . It, therefore, appears that ribosomes, or other rapidly sedimenting components from the octyl 03-glucoside-solubilized microsomal preparation are essential for reformation of translocation-competent vesicles.
The capacity of reconstituted vesicles to cotranslationally glycosylate and translocate nascent polypeptides was studied by using translation systems programmed with mRNAs for influenza HA (Fig. 4) or for RI (Fig. 5) . These are type I membrane glycoproteins that contain cleavable insertion signals, acquire N-linked oligosaccharides during translocation, and, after translocation, remain membrane-anchored with large luminal segments inaccessible to the attack of added proteases (cf. 19, 20) . With HA mRNA as template, two glycosylated products (Fig. 4, lanes b and c) and c) , although Rt more significantly inhibited translation than RM and, therefore, yielded smaller amounts of glycosylated products. After membrane insertion only a small -segment of HA (11 amino acid residues) remains exposed on the cytoplasmic side of the membrane (26) (Fig. 4 , lanes e-g and k-m), insertion of RI into native RM or Rt only occurred when the vesicles were present during translation (Fig. 5,  lanes j-m) . DISCUSSION In previous work we attempted to reconstitute functional microsomal membranes from rat liver RM dissolved with the detergent sodium deoxycholate, by using a dialysis procedure to remove the detergent (28) . Although single-walled vesicles were obtained by this method, the membranes were not asymmetrically reconstituted because they could effect the signal cleavage of pre-HPL in a post-, as well as in a cotranslational manner. Moreover, no evidence could be obtained for the translocation of the signal-cleaved HPL into the lumen of the reconstituted vesicles.
In the reconstitution procedure of this report octyl /3-glucoside was used because this detergent efficiently dissolves membranes without inactivating many biological activities of their component proteins (29, 30) . The detergent concentration was lowered by dilution within a relatively short time (-90 min) to minimize exposure of membrane components to detergent. Furthermore, protease inhibitors were added to the membrane suspension before detergent solubilization, and glycerol was included in the dilution buffer to stabilize the native protein structure (31) . The R, reconstituted by this procedure from solubilized dog pancreas RM manifested several key activities characteristic of rough endoplasmic reticulum membrane-namely, the capacity to effect cotranslational translocation, signal cleavage, and Nglycosylation of nascent polypeptides synthesized on membrane-bound polysomes. Membranes of these vesicles appeared to reform in an asymmetric fashion because ribosomes were attached only to their outer surface, and signal cleavage of pre-HPL did not occur at a significant level when the vesicles were added after translation was completed.
By tional processing activities of rough endoplasmic reticulum membrane. Recently, the oligosaccharyltransferase activity of hen oviduct RM, assayed with an exogenous tripeptide substrate, has been demonstrated to require participation of a luminal protein that binds to the glycosylation recognition site and can be released from microsomes by sonication or treatment with the detergent saponin (32) . Our finding that the vesicles reconstituted from dog pancreas microsomes have substantial N-glycosylation activity suggests that, at least in these microsomes, all components of the oligosaccharyltransferase complex are in some form (perhaps indirectly through a peripheral protein type of interaction) associated with membrane constitutents. Also the cotranslational glycosylation of a nascent chain could require much lower levels of the "glycosylation site-binding protein" than the glycosylation of soluble exogenous tripeptide substrates. Recently, other investigators (33) have reported the reconstitution of membranes capable of ribosome binding from a nonglycoprotein subfraction of rat liver RM that was incorporated into liposomes. Although this work allowed the authors to exclude the possibility that glycoproteins are essential for ribosome binding, no other functional activity of the vesicles was shown.
Our results represent an advance toward the goal of complete reconstitution of a functional translocation apparatus from specific sets of its components. Whether it will be possible to obtain functional vesicles reconstituted from purified individual components or whether the integrity of large molecular complexes must be maintained to reestablish translocation in reconstituted vesicles, however, remains to be determined. Indeed, it is possible that assembly ofa functional translocation apparatus can only occur within the endoplasmic reticulum membrane from components incorporated into the membrane during or soon after their synthesis.
